The early onset of mental disorders can lead to serious cognitive damage, and timely interventions are needed in order to prevent them. 
Diagnostic and Statistical Manual of Mental Disorders-IV criteria with or without impairment, but the prevalence decays to 16.4% when only impairment cases were considered, and to 6.9% if a measure of global impairment was added (Canino et al., 2004; de la Barra, 2009) . A multicentric study in developing countries of Africa, Asia, and South America revealed a prevalence of mental disorders ranging from 12% to 29% for ages 5 to 15, with higher prevalence in South American countries (Fleitlich & Goodman, 2000; Giel et al., 1981) .
In developing countries, poverty and social development are key factors affecting mental health. In Latin America, mental disorders are significantly related to social vulnerability during childhood, such as homelessness or dropout from school (Belfer & Rohde, 2005; Oschilewsky et al., 2010; Rohde, Celia, & Berganza, 2004) . The causal link between social vulnerability and mental disorder changes direction across different diagnostic entities. For schizophrenia there is evidence pointing to social selection, i.e., the development of symptoms leads to social impairment. In contrast, for depression, antisocial personality and substance abuse, the evidence points to social causation (Dohrenwend et al., 1992; Robins & Price, 1991) . In all cases, prevention and early differential diagnosis are likely to help the patient manage a difficult situation, but large-scale interventions over entire populations need to be properly designed in order to have real social impact.
We need to understand the mental health epidemiology of Latin American children, so as to overcome the lack of information about this issue globally (Baxter, Patton, Scott, Degenhardt, & Whiteford, 2013) , and even the lack of information about general mental health epidemiology in Latin America (Baxter et al., 2013; Duarte et al., 2003; Mercadante, Evans-Lacko, & Paula, 2009; Oschilewsky et al., 2010) . Studies of this topic used a variety of different methods to search for symptoms and diagnosis (different instruments and settings) (Duarte et al., 2003) , and yet found results similar to those found in developed countries, but with more prevalence of risk factors like poverty, parental mental disorders, and family violence (Duarte et al., 2003) . Given the high poverty rate and low educational level in the region, it is likely that there is in Latin America an undiagnosed population undergoing mental suffering without access to proper diagnosis and treatment, because of the expensive and ineffective diagnostic models used in most of these countries.
In order to stop this vicious cycle of mental suffering and social impacts, especially important in developing countries like in Latin America, we will need to be creative. There is great hope in the interdisciplinary field of computational psychiatry. Here, we review the advances on this new field, focusing on automated diagnosis tools for psychiatric diseases. We also present quantitative speech measurements adequate for large-scale analysis and able to improve the recognition of pathological and nonpathological neurodevelopmental paths within clinical and educational settings.
Computational Psychiatry: New Methods for Understanding Human Behavior
For over a century, psychiatry has described the psychopathology of diagnostic entities as patterns of deviant behaviors. The diagnostic manuals (First, Spitzer, Gibbon, & Williams, 1990) emerged as a consensus among experts, stating which associated symptoms should be considered as a diagnostic entity, for how long and under which circumstances (Krystal & State, 2014) . However, after decades of hard effort and bulky scientific investment, the known biomarkers are not specific for any psychiatric symptom-based diagnosis, because behavioral symptoms are multidetermined (Insel, 2014) .
A distinct approach based on transdiagnostic dimensions has recently emerged in psychiatry. The Research Domain Criteria (RDoC; Insel, 2014; Insel et al., 2010; Kaufman, Gelernter, Hudziak, Tyrka, & Coplan, 2015) classify population samples by grouping similar disorders within certain domains of behavior. This strategy has been particularly interesting for child psychiatry, because it allows a better assessment of the risks associated with abuse experienced by vulnerable infants (Kaufman et al., 2015) . The search for better diagnostic strategies is an essential part of the effort to break the cyclic link between mental disorders and social damage. In that regard, childhood represents an early window of opportunity for the identification of cognitive deficits and mental disorder. The hope is that adequate timely intervention may revert poor prognoses and establish interventions able to effectively minimize damage to the individual and his or her surroundings.
The correlation of behavior with biomarkers can be meaningful only if the quantitative measurements are both comprehensive and precise. The nascent field of computational psychiatry employs increasingly sophisticated mathematical tools to precisely quantify behavior, so as to better grasp the relationship between biological variables (genetic, biochemical, neural) and purely behavioral variables such as performance on cognitive tasks or psychometric scales (Adams, Huys, & Roiser, 2015; Montague, Dolan, Friston, & Dayan, 2012; Wang & Krystal, 2014) .
Even when such a relationship cannot be clearly established, it is possible to search for clusters within the population based on the variability of the biological (Brodersen et al., 2014; Wang & Krystal, 2014) or behavioral (Bedi et al., 2015; Bertola et al., 2014; Cabana, Valle-Lisboa, Elvevag, & Mizraji, 2011; Díaz, 2013; Elvevag, Foltz, Weinberger, & Goldberg, 2007; Montague et al., 2012; Mota, Furtado, Maia, Copelli, & Ribeiro, 2014; Mota et al., 2012; Yoshida et al., 2010) data measured. The hope is that the symptomatic characterization of each cluster will greatly advance the understanding of the psychopathological mechanisms underlying a wide variety of mental disorders. This knowledge may not only help the early identification of individuals suffering from mental disorders but may also contribute to the design of low-cost yet effective interventional methods able to prevent major cognitive deficits and their consequences, with potential to improve the psychiatric scenario in Latin American countries.
Automated Diagnostic Tools: Hope for Early Intervention
Computational psychiatry is still a young discipline, but there are already some identifiable advances in the development of tools capable of quantifying core behaviors affected in mental disorders. In the past 5 years, researchers from Uruguay, Brazil, and Argentina pioneered the development of computational tools for the automatic analysis of psychopathological speech; these innovative tools yield very good diagnostic performance (Bedi et al., 2015; Bertola et al., 2014; Cabana et al., 2011; Mota et al., 2012 Mota et al., , 2014 , and even predict psychiatric outcomes in the prodromal phase (Bedi et al., 2015) . Application of these techniques to Latin American samples demonstrated the feasibility and advantages of these methods in developing countries (Bertola et al., 2014; Mota et al., 2012 Mota et al., , 2014 .
Language can be understood as a window into the organization of thoughts and therefore able to reflect fundamental aspects of mental functioning. Through speech we present to others what and how we think and feel, allowing the establishment of social bonds. Language features such as the structure of the trajectory of words (Bertola et al., 2014; Mota et al., 2012 Mota et al., , 2014 Wang & Krystal, 2014) , semantic consistency (Bedi et al., 2015; Elvevag et al., 2007) , and prosody (Grunerbl et al., 2015) can automatically be measured to characterize psychopathological aspects of different mental disorders.
With regard to child psychiatry, the early identification of chronic developmental disorders such as autism is in order. It is known, for example, that patients within the autism spectrum have a peculiar way of interacting with toys, a behavior highly amenable to accurate automatic measurements (Westeyn et al., 2012) . Also common in the autism spectrum are deficits in the ability known as theory of mind, which is involved, for instance, in the capacity to understand that the beliefs of others may differ from one' s own beliefs (Baron-Cohen, Leslie, & Frith, 1985; Frith, 1997; Misra, 2014) . In a game designed to investigate theory of mind in autistic patients, participants are rewarded for choosing a cooperation strategy that requires one to understand that other participants have ideas different from his/her own. When playing this game, people diagnosed within the autistic spectrum rely significantly less on the cooperation strategy that requires theory of mind, in comparison with control participants. Importantly, this measure of cooperation correlates with the severity of the symptoms (Yoshida et al., 2010) . This is a compelling example of how an elusive, hard-to-measure behavioral skill can now be accurately quantified in a substantially less biased manner, generating a stream of objective data as the experimental subject behaves freely.
Also important for child psychiatry is the early onset of psychotic disorders. One of the main symptoms of psychotic illnesses are disorders of thought (Andreasen & Grove, 1986) , characterized by a fuzzy sequence of words produced in spontaneous speech, with a higher rate of unusual associations than in the general population (Bleuler, 1911; Kraepelin, 1906; Moskowitz & Heim, 2011) . Thus, it is to be expected that the consecutive combination of words during free speech leads to more uncommon associations when psychotic symptoms are present, resulting in incoherent speech (Elvevag et al., 2007) . This feature can be objectively measured using a mathematical strategy known as latent semantic analysis (LSA; Landauer & Dumais, 1997) , which estimates semantic proximity based on the cooccurrence of words within large, representative language corpora. By representing words as vectors in a high dimensional semantic space, it is possible to measure the semantic distance between words or groups of words. This approach was first used by a joint European-North American research team, and then by a Uruguayan team, to demonstrate that patients with schizophrenia speak with greater semantic inconsistency than control subjects (Cabana et al., 2011; Elvevag et al., 2007) . More recently, within a youth population at risk for psychosis, a study with a major contribution from Argentinian and Brazilian researchers (our group) showed that it was possible to predict with 100% accuracy which subjects would eventually display actual psychotic episodes, based on quantitative features of quarterly clinical interviews recorded for up to 2.5 years (Bedi et al., 2015) . The features employed for this prodromal investigation were the semantic inconsistency between consecutive sentences, maximum phrase length, and the amount of determiners (e.g., which). Altogether, these results point to a feasible way to track and prevent the onset of psychotic crises, even before the occurrence of a first episode during adolescence or early adulthood. This could give families a better chance to prevent major cognitive damages.
Early differential diagnosis with correct prognosis is also crucial to mitigate cognitive damage in psychotic patients. Especially for early onset, schizophrenia tends to produce more cognitive damage than bipolar mood disorder (Kaplan & Sadock, 2009 ). Differential diagnosis is possible because thought disorders typical of patients with schizophrenia may differ substantially from those observed in patients with bipolar disorder (Andreasen & Grove, 1986) . In order to better characterize mental organization among psychotic patients, we developed a method based on graph theory to measure the complexity of the stream of thoughts as expressed by speech (Mota et al., 2012 (Mota et al., , 2014 . When applied to Brazilian patients at mental institutions typical of Latin American public health settings, this method allowed the quantitative identification of bipolar disorder symptoms such as logorrhea and flight of ideas (Mota et al., 2012 (Mota et al., , 2014 , as well as schizophrenia symptoms such as laconic talking, with a less connected and more linear structure, which altogether stand for the symptom known as poor speech (Mota et al., 2012 (Mota et al., , 2014 . Measures of graph connectivity are significantly anticorrelated with negative symptoms (e.g., difficulty socializing and establishing ties with the interviewer), as well as cognitive symptoms (e.g., failure to understand abstract concepts) (Mota et al., 2014) . This method can automatically distinguish schizophrenia, bipolar and control subjects with high accuracy (Mota et al., 2012 (Mota et al., , 2014 . The distinction between these diagnostic entities leads to the identification of potential prognostic predictors, as indeed indicated by the fact that the expected course of schizophrenia, as compared to bipolar disorder, produces more severe cognitive impairment and hence a more difficult socialization. Having established this correlation, computational psychiatrists now need to carry on longitudinal studies in order to establish the predictive value of the graph-theoretical method for diagnosis, prognosis, and response to treatment in clinical situations such as prodrome or first episode. This will allow the early identification and treatment of the diseases that can lead to psychosis. It will also promote a deeper understanding of the distinct biological bases of schizophrenia and bipolar disorder, which have partially overlapping symptomatology but a quite different clinical course.
Another promising research line in computational psychiatry is related to the fact that speech features such as pitch and speed are very strongly affected by mood. In situations of euphoria, it is common to observe higher speech rate and higher voice amplitude, in comparison with times of sorrow. Voice samples can be collected on a daily basis with the help of a cell phone device, currently so ubiquitous, to generate a naturalistic, dense, and nonbiased speech sample of individuals diagnosed with bipolar disorder (Grunerbl et al., 2015) . Prosodic measures of speech recorded by mobile applications have been shown to be useful in the identification of extreme mood episodes such as mania and depression (Grunerbl et al., 2015) .
Conclusions
The early differential diagnosis of mental disorders affects the individual' s life and epidemiological perspective and scaffolds the design of public policies for the prevention of mental distress. Interdisciplinary prevention leads to a mitigation of social impact, reduced risk factors, and improved welfare of the population. In Latin America, risk factors for mental illness are particularly prevalent, and there are few professionals effectively qualified to identify psychiatric vulnerabilities (Duarte et al., 2003) . In this context, the use of automated methods for the objective quantification of prognostic predictors of mental health and cognition may greatly empower patients and psychiatrists as well, and it may help to break the mental disorder-poverty cycle that plagues the region. The fact that these computational methods for psychiatry have in large part been developed by Latin American researchers is an auspicious indication that the scientific gap between developed and developing countries may be decreasing in some fields. 
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